I. INTRODUCTION
There is an appreciable grain of truth in one of Percy Bridgman's remarks that the economic profession is the most opportunistic of all. Indeed, economists' attention has continually shifted from one problem to another, the problems often being not even closely related. Search all economic periodicals of the English-speaking world before 1950, for example, and you will hardly find any mention of "economic development." It is curious, therefore, that economists have over the last hundred years remained stubbornly attached to one particular idea, the mechanistic epistemology which dominated the orientation of the founders of the Neoclassical School. By their own proud admission, the greatest ambition of these pioneers was to build an economic science after the model of mechanics-in the words of W. Stanley Jevons-as "the mechanics of utility and selfinterest" [48, 23] . Like almost every scholar and philosopher of the first half of the nineteenth century, they were fascinated by the spectacular successes of the science of mechanics in astronomy and accepted Laplace's famous apotheosis of mechanics [53, 4] as the evangel of ultimate scientific knowledge. They thus had some attenuating circumstances, which cannot, however, be invoked by those who came long after the mechanistic dogma had been banished even from physics [23, 69-122; 5] .
The latter-day economists, without a single second thought, have apparently been happy to develop their discipline on the mechanistic tracks laid out by their forefathers, fiercely fighting any suggestion that economics may be conceived otherwise than as a sister science of mechanics. The appeal of the position is obvious. At the back of the mind of almost every standard economist there is the spectacular feat of Urbain Leverrier and John Couch Adams, who discovered the planet Neptune, not by searching the real firmament, but "at the tip of a pencil on a piece of paper." What a splendid dream to be able to predict by some paper-and-pencil operations alone where a particular stock will be on the firmament of the Stock Exchange Market tomorrow or, even better, one year from now! The consequence of this indiscriminate attachment to the mechanistic dogma, whether in an explicit or a tacit manner, is the viewing of the economic process as a mechanical analogue consisting-as all mechanical analogues do-of a principle of conservation (transformation) and a maximization rule. The economic science itself is thus reduced to a timeless kinematics. This approach has led to a mushrooming of paper-and-pencil exercises and increasingly complicated econometric models which often serve only to conceal from view the most fundamental economic issues. Everything now turns out to be just a pendulum movement. One business "cycle" follows another. The pillar of equilibrium theory is that, if events alter the demand and supply propensities, the economic world always returns to its previous conditions as soon as these events fade out. An inflation, a catastrophic drought, or a stock-exchange crash leaves absolutely no mark on the economy. Complete reversibility is the general rule, just as in mechanics.1 Nothing illustrates better the basic epistemology of standard economics than the usual graph by which almost every introductory manual portrays the economic process as a self-sustaining, circular flow between "production" and "consumption."2 But even money does not circulate back and forth within the economic process; for both bullion and paper money ultimately become worn out and their stocks must be replenished from external sources [31] . The crucial point is that the economic process is not an isolated, self-sustaining process. This process cannot go on without a continuous exchange which alters the environment in a cumulative way and without being, in its turn, influenced by these alterations. Classical economists, Malthus in particular, insisted on the economic relevance of this fact. Yet, both standard and Marxist economists chose to ignore the problem of natural resources completely, so completely that a distinguished and versatile economist recently confessed that he had just decided that he "ought to find out what economic theory has to say" about that problem [75, If].
One fundamental idea dominated the orientation of both schools. A. C. Pigou stated it most explicitly: "In a stationary state factors of production are stocks, unchanging in amount, out of which emerges a continuous flow, also unchanging in amount, of real income" [68, 19] . The same idea-that a constant flow can arise from an unchanging structure-is at the basis of Marx , but the point, though never denied, was simply shelved away. It is in vain that some now try to claim that standard equilibrium analysis has always considered negative feedbacks [4, 334] . The only feedbacks in standard theory are those responsible for maintaining equilibrium, not for evolutionary changes. more extensive. The upshot is that even a simple analysis of the energy aspects of man's existence may help us reach at least a general picture of the ecological problems and arrive at a few, but relevant, conclusions. This, and nothing else, is what I have endeavored to do in this paper.
II. MECHANICS VERSUS THERMODYNAMICS
No analysis of a material process, whether in the natural sciences or in economics, can be sound without a clear and comprehensive analytical picture of such a process. The picture must first of all include the boundary--an abstract and void element which separates the process from its "environment"-as well as the duration of the process. What the process needs and what it does are then described analytically by the complete time schedule of all inputs and outputs, i.e., the precise moments at which each element involved crosses the boundary from outside or from inside. But where we draw the abstract boundary, what duration we consider, and what qualitative spectrum we use for classifying the elements of the process depend on the particular purpose of the student, and by and large on the science in point. 3 Mechanics distinguishes only mass, speed, and position, on which it bases the concept of kinetic and potential energy. The result is that mechanics reduces any process to locomotion and a change in the distribution of energy. The constancy of total mechanical energy (kinetic plus potential) and the constancy of mass are the earliest principles of conservation to be recognized by science. A few careful economists, such as Marshall [60, 63] , did observe that man can create neither matter nor energy. But in doing so, they apparently had in mind only the mechanical principles of conservation, for they immediately added that man can nevertheless produce utilities by moving and rearranging matter. This viewpoint ignores a most important issue: How can man do the moving? For anyone who remains at the level of mechanical phenomena, every bit of matter and every bit of mechanical energy which enter a process must come out in exactly the same quantity and quality. Locomotion cannot alter either.
To equate the economic process with a mechanical analogue implies, therefore, the myth that the economic process is a circular merry-go-round which cannot possibly affect the environment of matter and energy in any way. The obvious conclusion is that there is no need for bringing the environment into the analytical picture of that process. 4 The old tenet of Sir William Petty, that keen student of human affairs who insisted that labor is the father and nature the mother of wealth, has long since been relegated to the status of a museum piece [29, 96; 31, 280]. Even the accumulation of glaring proofs of the preponderant role played by natural resources in mankind's history failed to impress standard economists. One may think of the Great Migration of the first millenium which was the ultimate response to the exhaustion of the soil of Central Asia following a long period of persistent grazing. Remarkable civilizations-Maya is one example-crumbled away from history because their people were unable to migrate or to counteract by adequate technical progress the deterioration of their environment. Above all, there is the indisputable fact that all struggles between the Great Powers have not turned idly around ideologies or national prestige but around the control of natural resources. They still do.
Because mechanics recognizes no qualitative change but only change of place, any SFor a detailed discussion of the analytical representation of a process, see Georgescu-Roegen [32, ch. ix]. 4 If "land" appears as a variable in some standard production functions, it stands only for Ricardian land, i.e., for mere space. The lack of concern for the true nature of the economic process is also responsible for the inadequacy of the standard production function from other, equally crucial, viewpoints. See Georgescu-Roegen [27; 30; 33]. mechanical process may be reversed, just as a pendulum, for instance, can. No laws of mechanics would have been violated if the earth had been set in motion in the opposite direction. There is absolutely no way for a spectator to discover whether a movie of a purely mechanical pendulum is projected in the direction in which it was taken or in the reverse. But actual phenomena in all their aspects do not follow the story of the famous Mother Goose rhyme in which the brave Duke of York kept marching his troops up the hill and down the hill without giving battle. Actual phenomena move in a definite direction and involve qualitative change. This is the lesson of thermodynamics, a peculiar branch of physics, so peculiar that purists prefer not to consider it a part of physics because of its anthropomorphic texture. Even though it is hard to see how the basic texture of any science could be otherwise than anthropomorphic, the case of thermodynamics is unique.
Thermodynamics grew out of a memoir by a French engineer, Nicolas Sadi Carnot, on the efficiency of heat engines (1824). Among the first facts it brought to light is that man can use only a particular form of energy. Energy thus came to be divided into available or free energy, which can be transformed into work, and unavailable or bound energy, which cannot be so transformed.5 Clearly, the division of energy according to this criterion is an anthropomorphic distinction like no other in science.
The distinction is closely related to another concept specific to thermodynamics, namely, to entropy. This concept is so involved that one specialist judged that "it is not easily understood even by physicists" [40, 37] .6 But for our immediate purpose we may be satisfied with the simple definition of entropy as an index of the amount of unavailable energy in a given thermodynamic system at a given moment of its evolution.
Energy, regardless of quality,7 is subject to a strict conservation law, the First Law of Thermodynamics, which is formally identical to the conservation of mechanical energy mentioned earlier. And since work is one of the multiple forms of energy, this law exposes the myth of perpetual motion of the first kind. It does not, however, take account of the distinction between available and unavailable energy; by itself the law does not preclude the possibility that an amount of work should be transformed into heat and this heat reconverted into the initial amount of work. The First Law of Thermodynamics thus allows any process to take place both forward and backward, so that everything is again just as it was at first, with no trace left by the happening. With only that law we are still in mechanics, not in the domain of actual phenomena, which certainly includes the economic process.
The irreducible opposition between mechanics and thermodynamics stems from the Second Law, the Entropy Law. The oldest of its multiple formulations is also the most transparent for the nonspecialist: "Heat flows by itself only from the hotter to the colder body, never in reverse." A more involved but equivalent formulation is that the entropy of a closed system continuously (and irrevocably) increases toward a maximum; i.e., the available energy is continuously transformed into unavailable energy until it disappears completely. 8 In broad lines, the story is relatively simple: All kinds of energy are gradually transformed into heat and heat becomes so dissipated in the end that man can no longer use it. Indeed, a point that goes back to Carnot is that no steam engine can provide work if the same temperature, however high, prevails in the boiler and the cooler.9 To be available, energy must be distributed unevenly; energy that is completely dissipated is no longer available. The classical illustration is the immense heat dissipated into the water of the seas, which no ship can use. Although ships sail on top of it, they need available energy, the kinetic energy concentrated in the wind or the chemical and nuclear energy concentrated in some fuel. We may see why entropy came to be regarded also as an index of disorder (of dissipation) not only of energy but also of matter and why the Entropy Law in its present form states that matter, too, is subject to an irrevocable dissipation. Accordingly, the ultimate fate of the universe is not the Heat Death (as it was believed at first) but a much grimmer state--Chaos. No doubt, the thought is intellectually unsatisfactory. ' x But what interests us is that, according to all the evidence, our immediate environment, the solar system, tends toward a thermodynamic death," at least as far as life-bearing structures are concerned.
III. THE ENTROPY LAW AND ECONOMICS
Perhaps no other law occupies a position in science as singular as that of the Entropy Law. It is the only natural law which recognizes that even the material universe is subject to an irreversible qualitative change, to an evolutionary process.12 This fact led some natural scientists and philosophers to suspect an affinity between that law and life phenomena. By now, few would deny that the economy of any life process is governed, not by the laws of mechanics, but by the Entropy Law [32, xiii, 191-194] . The point, as we shall now see, is most transparent in the case of the economic process.
Economists have occasionally maintained that, since some scientists trespass into economics without knowing much about the subject, they, too, are justified in talking about science, notwithstanding their ignorance in that domain [4, 328f] . The thought reflects an error, which unfortunately is general with economists. But whatever the economic expertise of other scientists, economists could not fare continuously well in their own field without some solid understanding of the Entropy Law and its consequences.a3 As I argued some years ago, thermodynamics is at bottom a physics of economic value-as Carnot unwittingly set it going-and the En- 8 A system is closed if it exchanges no matter and no energy with its "environment." Clearly, in such a system the amount of matter-energy is constant. However, the constancy of this amount alone does not warrant the increase of entropy. Entropy may even decrease if there is exchange. S There is no truth, therefore, in Holdren's idea [44, 17] that temperature measures "the usefulness" of heat. The most we can say is that the difference of temperature is a rough index of the usefulness of the hotter heat. 10 One alternative, supported by statistical thermodynamics (Section VI), is that entropy may decrease in some parts of the universe so that the universe both ages and rejuvenates. But no substantial evidence exists for this possibility. Another hypothesis, set forth by a group of British astronomers, is that the universe is an everlasting steady state in which individual galaxies are born and die continuously. But facts do not fit this hypothesis either. The issue of the true nature of the universe is far from settled [32, 201f, 210] . I To preclude some erring, we should emphasize the point that a reversal of this trend would be just as bad for the preservation of life on earth.
' Rudolf Clausius coined "entropy" from a Greek word meaning "transformation," "evolution." See [ seems to evade the entropic degradation to which inert matter is subject. The truth is that any living organism simply strives at all times to compensate for its own continuous entropic degradation by sucking low entropy (negentropy) and expelling high entropy. Clearly, this phenomenon is not precluded by the Entropy Law, which requires only that the entropy of the entire system (the environment and the organism) should increase. Everything is in order as long as the entropy of the environment increases by more than the compensated entropy of the organism.
Equally important is the fact that the Entropy Law is the only natural law that does not predict quantitatively. It does not specify how great the increase should be at a future moment or what particular entropic pattern will result. Because of this fact, there is an entropic indeterminateness in the real world which allows not only for life to acquire an endless spectrum of forms but also for most actions of a living organism to enjoy a certain amount of freedom [32, 12] . Without this freedom, we would not be able to choose between eating beans or meat, between eating now or later. Nor could we aspire to implement economic plans (at any level) of our own choosing.
It is also because of the entropic indeterminateness that life does matter in the entropic process. The point is no mystical vitalism, but a matter of brute facts. Some organisms slow down the entropic degradation. Green plants store part of the solar radiation which in their absence would immediately go into dissipated heat, into high entropy. That is why we can burn now the solar energy saved from degradation millions of years ago in the form of coal or a few years ago in the form of a tree. All other organisms, on the contrary, speed up the march of entropy. Man occupies the highest position on this scale, and this is all that environmental issues are about.
Most important for the student of economics is the point that the Entropy Law is the taproot of economic scarcity. Were it not for this law, we could use the energy of a piece of coal over and over again, by transforming it into heat, the heat into work, and the work back into heat. Also, engines, homes, and even living organisms (if they could exist at all) would never wear out. There would be no economic difference between material goods and Ricardian land. In such an imaginary, purely mechanical world, there would be no true scarcity of energy and materials. A population as large as the space of our globe would allow could live indeed forever. An increase in the real income per capita could be supported in part by a greater velocity of use (just as in the case of money circulation) and in part by additional mining. But there would be no reason for any real struggle, whether intraspecies or inter-species, to arise.
Economists have been insisting that "there is no free lunch," by which they mean that the price of anything must be equal to the cost; otherwise, one would get something for nothing. To believe that this equality also prevails in terms of entropy constitutes one of the most dangerous economic myths. In the context of entropy, every action, of man or of an organism, nay, any process in nature, must result in a deficit for the entire system. Not only does the entropy of the environment increase by an additional amount for every gallon of gasoline in your tank, but also a substantial part of the free energy contained in that gasoline, instead of driving your car, will turn directly into an additional increase of entropy. As long as there are abundant, easily accessible resources around, we might not really care how large this additional loss is. Also, when we produce a copper sheet from some copper ore we decrease the entropy (the disorder) of the ore, but only at the cost of a much greater increase of the entropy in the rest of the universe. If there were not this entropic deficit, we would be able to convert work into heat, and, by reversing the process, to recuperate the entire initial amount of work-as in the imaginary world of the preceding paragraph. In such a world, standard economics would reign supreme precisely because the Entropy Law would not work.
IV. ACCESSIBLE ENERGY AND ACCESSIBLE MATTER
As we have seen, the distinction between available and unavailable energy (generalized by that between low and high entropy) was introduced in order that thermodynamics may take into account the fact that only one particular state of energy can be used by man. But the distinction does not mean that man can actually use any available energy regardless of the place and form in which it is found. If available energy is to have any value for mankind, it must also be accessible. Solar energy and its by-products are accessible to us with practically no effort, no consumption of additional available energy. In all other cases, we have to spend some work and materials in order to tap a store of available energy. The point is that even though we may land on Mars and find there some gas deposits, that available energy will not be accessible to us if it will take more than the equivalent energy of a cubic foot of gas accessible on earth to bring a cubic foot of gas from that planet. There certainly are oil shales from which we could extract one ton of oil only by using more than one ton of oil. The oil in such a shale would still represent available, but not accessible, energy. We have been reminded ad nauseam that the real reserves of fossil fuel are certainly greater than those known or estimated [e.g. 58, 331]. But it is equally certain that a substantial part of the real reserves does not constitute accessible energy.
The distinction regards efficiency in terms of energy, not in terms of economics. Economic efficiency implies energetic efficiency, but the converse is not true. The use of gas, for example, is energetically more efficient than the use of electricity, but electricity happens to be cheaper in many instances [79, 152] . Also, even though we can make gas from coal, it is cheaper to extract gas from natural deposits. Should the natural resources of gas become exhausted before those of coal, we will certainly resort to the method that is now economically inefficient. The same idea should be borne in mind when discussing the future of direct uses of solar radiation.
Economists, however, insist that "resources are properly measured in economic, not physical, terms" [51, 663; also 3, 247]. The advice reflects one of the most enduring myths of the profession (shared also by others). It is the myth that the price mechanism can offset any shortages, whether of land, energy or materials.1, This myth will be duly examined later on, but here we need only emphasize the point that from the point of view of the longrun it is only efficiency in terms of energy that counts in establishing accessibility. To be sure, actual efficiency depends at any one time on the state of the arts. But, as we know from Carnot, in each particular situation there is a theoretical limit independent of the state of the arts, which can never be attained in actuality. In effect, we generally remain far below it. Accessibility, as here defined, bears on the fact that although mankind's spaceship floats within a fantastic store of available energy, only an infinitesimal part of this store is potentially accessible to man. For even if we were to travel in space with the greatest speed, that of light, we would still be confined to a speck of cosmos. A journey just to scout the nearest sun outside the solar system for possible, yet uncertain, earth-like satellites would take nine years! If we have learned anything from the landing on the moon, it is that there is no promise of resources in interplanetary, let alone intersidereal, travel.
Still narrower limits to the accessible energy are set by our own biological nature, which is such that we cannot survive at too high or too low a temperature or when exposed to some radiations. It is for this reason that the mining of nuclear fuel and its use on a large scale has raised issues which now divide laymen as well as authorities on the subject (Section IX). There are also limits set by some purely physical obstacles. The sun cannot possibly be mined even by a robot. From the sun's immense radiating energy, only the small amount which reaches the earth counts in the main (Section IX). Nor can we harness the immense energy of the terrestrial thunders. Unique physical obstacles also stand hopelessly in the way of the peaceful use of thermonuclear energy. The fusion of deuterium requires the fantastic temperature of 0.2 billion?F, one order of magnitude hotter than the sun's interior. The difficulty concerns the material container for that reaction. As has been explained in layman's terms, the solution now sought is similar to holding water inside a mesh of rubber bands. In this connection we may recall that the chemical energy of dynamite and gunpowder, although in use for a long time, cannot be controlled so as to drive a turbine or a motor. Perhaps the use of thermonuclear energy will also remain confined to a "bomb." 16 Be this as it may, with or without thermonuclear energy, the amount of accessible energetic low entropy is finite (Section IV).
Similar considerations lead to the conclusion that the amount of accessible material low entropy is finite, too. But although in both cases only the amount of low entropy matters, it is important that the two accounts be kept separate in any discussion of the environmental problem. As we all know, available energy and ordered material structures fulfill two distinct roles in mankind's life. However, this anthropomorphic distinction would not be compelling by itself.
There is, first, the physical fact that, despite the Einstein equivalence of mass and energy, there is no reason to believe that we can convert energy into matter except at the atomic scale in a laboratory and only for some special elements. 17 We cannot produce a copper sheet, for example, from energy alone. All the copper in that sheet must exist as copper (in pure form or in some chemical The only way we can substitute energy for material low entropy is through physicochemical manipulations. By using larger and larger amounts of available energy we can sift copper out from poorer and poorer ores, located deeper and deeper in the earth. But the energy cost of mining low-content ores increases very fast [56, 122f] . We can also recycle "scrap." There are, however, some elements which, because of their nature and the mode in which they participate in the natural and man-conducted processes, are highly dissipative. Recycling, in this case, can hardly help. The situation is particularly distressing for those elements which, in addition, are found in very small supply in the environment. Phosphorus, a highly critical element in biological processes, seems to belong to this category. So does helium, another element with a strictly specific role Waste is a physical phenomenon which is, generally, harmful to one or another form of life, and, directly or indirectly, harmful to human life. It constantly deteriorates the environment in many ways: chemically, as in mercury or acid pollution; nuclearly, as by radioactive garbage; physically, as in strip mining or in the accumulation of carbon dioxide in the atmosphere. There are a few instances in which a substantial part of some waste element-carbon dioxide is the salient example-is recycled by some "natural" processes of the environment. Most of the obnoxious waste-garbage, cadavers, and excrement-is also gradually reduced by natural processes. These wastes only require some space in which to remain isolated until their reduction is completed. There are troublesome hygienic problems involved, but the important point is that such wastes do not cause permanent, irreducible harm to our environment.
Other wastes are disposable only in the sense that they may be converted into less noxious ones by certain actions on our part, as when part of carbon monoxide is transformed into carbon dioxide and heat through improved combustion. A great part of sulphur dioxide pollution, another example, may be avoided through some special installations. Still other wastes cannot be so reduced. A topical example is the fact that we cannot reduce the highly dangerous radioactivity of nuclear garbage [46, 233] . This activity diminishes by itself with time, but very slowly. In the case of plutonium-239, the reduction to fifty percent takes 25,000 years! However, the harm done by radioactivity concentration to life may very well be irreparable.
Here, just as for the accumulation of any waste, from rubbish of all kinds to heat, the difficulty is created by the finitude of accessible space. Mankind is like a household which consumes the limited supply from a pantry and throws the inevitable waste into a finite trash can-the space around us. Even ordinary rubbish is a menace; in ancient times, when it could be removed only with great difficulties, some glorious cities were buried under accumulated rubbish. We have better means to remove it, but the continuous production calls for another dumping area, and another, and another... In the United States the annual amount of waste is almost two tons per capita and increasing [14, 1 1n.]. We should also bear in mind that for every barrel of shale oil we are saddled with more than one ton of ashes and to obtain five ounces of uranium we must crush one cubic meter of rock. What to do even with these "neutral" residuals is a problem vividly illustrated by the consequences of strip-mining. To send the residuals into outer space would not pay on a large and continuous scale. 23 The finitude of our space renders more dangerous wastes which persist for a long time and especially those which are completely irreducible. Typical of the last category is thermal pollution, the dangers of which are not fully appreciated. The additional heat into which all energy of terrestrial origin is ultimately transformed when used by man24 is apt to upset the delicate thermodynamic balance of the globe in two ways. First, the islands of heat created by power plants not only disturb (as is well known) the local fauna and flora of rivers, lakes, and even coastal seas, but they may also alter climatic patterns. One nuclear plant alone may heat up the water in the Hudson River by as much as 70F. Then again the sorry plight of where to build the next plant, and the next, is a formidable problem. Second, the additional global heat at the site of the plant and at the place where power is used may increase the temperature of the earth to the point at which the icecaps would melt -an event of cataclysmic consequences. Since the Entropy Law allows no way to cool a continuously heated planet, thermal pollution could prove to be a more crucial obstacle to growth than the finiteness of accessible resources [79, 160] . 25 We apparently believe that we just have to do things differently in order to dispose of pollution. The truth is that, like recycling, disposal of pollution is not costless in terms of energy. Moreover, as the percentage of pollution reduction increases, the cost increases even more steeply than for recycling [62, 134f] . We must therefore watch our step-as some have already warned us [6, 9]-so as not to substitute a greater but distant pollution for a local one. In principle at least, a dead lake may certainly be revitalized by pumping oxygen into it, as Harry Johnson suggests [49, 8f] . But it is as certain that the additional operations implied by this pumping not only require enormous amounts of additional low entropy but also create additional pollution. In practice, the reclamation efforts undertaken for lands and streams degraded by strip-mining have been less than successful [14, 12] . Linear thinking-to borrow a label used by Bormann [7, 706]-may be "in" nowadays, but precisely as economists we ought to abide by the truth that what is true for one dead lake is not true for all dead lakes if their number increases beyond a certain limit. To suggest further that man can construct at a cost a new environment tailored to his desires is to ignore completely that cost consists in essence of low entropy, not of money, and is subject to the limitations imposed by natural laws. 26 Often, our arguments spring from the belief in an industrial activity free of pollution. It is a myth just as lulling as the belief in everlasting durability. The sober truth is that, 23The cover photograph of Science, 12 April 1968, and the photographs in National Geographic, December 1970, are highly instructive on this point. It may be true that-as Weinberg and Hammond [83, 415] argued-if we had to supply energy even for 20 billion people at an annual average of 600 million BTU per capita, we would have to crush rock only at twice the speed at which coal is now being mined. We would still face the problem of what to do with the crushed rock. -2 Solar energy (in all its ramifications) constitutes the only (and a noteworthy) exception (Section IX). 25 The continuous accumulation of carbon dioxide in the atmosphere has a greenhouse effect which should aggravate the heating of the globe. There are, however, other divergent effects from the increase of scattered particles in the atmosphere: agriculturally oriented changes of vegetation, interference with the normal distribution of surface and underground water, etc. [24; 57]. Even though experts cannot determine the resultant trend of this complex system in which a small disturbance may have an enormous effect, the problem is not "an old scare," as Beckerman says in dismissing it [ 
VI. MYTHS ABOUT MANKIND'S ENTROPIC PROBLEM
Hardly anyone would nowadays openly profess a belief in the immortality of mankind. Yet many of us prefer not to exclude this possibility; to this end, we endeavor to impugn any factor that could limit mankind's life. The most natural rallying idea is that mankind's entropic dowry is virtually inexhaustible, primarily because of man's inherent power to defeat the Entropy Law in some way or another.
To begin with, there is the simple argument that, just as has happened with many natural laws, the laws on which the finiteness of accessible resources rests will be refuted in turn. The difficulty of this historical argument is that history proves with even greater force, first, that in a finite space there can be only a finite amount of low entropy and, second, that low entropy continuously and irrevocably dwindles away. The impossibility of perpetual motion (of both kinds) is as firmly anchored in history as the law of gravitation.
More sophisticated weapons have been forged by the statistical interpretation of thermodynamic phenomena-an endeavor to reestablish the supremacy of mechanics propped up this time by a sui generis notion of probability. According to this interpretation, the reversibility of high into low entropy is only a highly improbable, not a totally impossible event. And since the event is possible, we should be able by an ingenious device to cause the event to happen as often as we please, just as an adroit sharper may throw a "six" almost at will. The argument only brings to the surface the irreducible contradictions and fallacies packed into the foundations of the statistical interpretation by the worshipers of mechanics [32, ch. vi]. The hopes raised by this interpretation were so sanguine at one time that P. W. Bridgman, an authority on thermodynamics, felt it necessary to write an article just to expose the fallacy of the idea that one may fill one's pockets with money by "bootlegging entropy" [11] .
Occasionally and sotto voce some express the hope, once fostered by a scientific authority such as John von Neumann, that man will eventually discover how to make energy a free good, "just like the unmetered air" [3, 32] . Some envision a "catalyst" by which to decompose, for example, the sea water into oxygen and hydrogen, the combustion of which will yield as much available energy as we would want. But the analogy with the small ember which sets a whole log on fire is unavailing. The entropy of the log and the oxygen used in the combustion is lower than that of the resulting ashes and smoke, whereas the entropy of water is higher than that of the oxygen and hydrogen after decomposition. Therefore, the miraculous catalyst also implies entropy bootlegging.27
With the notion, now propagated from one syndicated column to another, that the breeder reactor produces more energy than it consumes, the fallacy of entropy bootlegging seems to have reached its greatest currency even among the large circles of literati, including economists. Unfortunately, the illusion feeds on misconceived sales talk by some nuclear experts who extol the reactors which transform fertile but nonfissionable material into fissionable fuel as the breeders that "produce more fuel than they consume" [81, 82] . The stark truth is that the breeder is in no way different from a plant which produces hammers with the aid of some hammers. According to the deficit principle of the Entropy Law (Section III), even in breeding chickens a greater amount of low entropy is consumed than is contained in the product.28 'A specific suggestion implying entropy bootlegging is Harry Johnson's: it envisages the possi-Apparently in defense of the standard vision of the economic process, economists have set forth themes of their own. We may mention first the argument that "the notion of an absolute limit to natural resource availability is untenable when the definition of resources changes drastically and unpredictably over time.... A limit may exist, but it can be neither defined nor specified in economic terms" [3, 7, 11]. We also read that there is no upper limit even for arable land because "arable is infinitely indefinable" [ 80 In support of the same thesis, there also are arguments directly pertaining to its substance. First, there is the assertion that only a few kinds of resources are "so resistant to technological advance as to be incapable of eventually yielding extractive products at constant or declining cost" [ 1 Even some natural scientists, e.g., [1] , have taken this position. Curiously, the historical fact that some civilizations were unable "to think up something" is brushed aside with the remark that they were "relatively isolated" [ , 1972) , repeatedly urged everyone "to improve the environment." Both urgings reflect the fallacy that man can reverse the march of entropy. The truth, however unpleasant, is that the most we can do is to prevent any unnecessary depletion of resources and any unnecessary deterioration of the environment, but without claiming that we know the precise meaning of "unnecessary" in this context.
VII. GROWTH: MYTHS, POLEMICS, AND FALLACIES
A great deal of confusion stains the heated arguments about "growth" simply because the term is used in multiple senses. One confusion, against which Joseph Schumpeter insistently admonished economists, is that between growth and development. There is growth when only the production per capita of current types of commodities increases, which naturally implies a growing depletion of equally accessible resources. Development means the introduction of any of the innovations described in the foregoing section. In the past, development has ordinarily induced growth and growth has occurred only in association with development. The result has been a peculiar dialectical combination also known as "growth," but for which we may reserve another current label, namely, "economic growth." Economists measure its level by the GNP per capita at constant prices.
Economic growth, it must be emphasized, is a dynamic state, analogous to that of an automobile traveling on a curve. For such an automobile it is not possible to be inside a curve at one moment and outside it at the very next moment. The teachings of standard economics that economic growth depends only on the decision at a point in time to consume a larger or a smaller proportion of production [4, 342f; 74, 41] are largely off base. In spite of the superb mathematical models with which Arrow-Debreu-Hahn have delighted the profession and of the pragmatically oriented Leontief models, not all production factors (including goods in process) can serve directly as consumer goods. Only in a primitive agricultural society, employing no capital equipment, would it be true that the decision to save more corn from the current harvest will increase the next year's average crop. Other economies are growing now because they grew yesterday and will grow tomorrow because they are growing today. also, man's craving for comfort and gadgets, every innovation leads to growth. To be sure, development is not an inevitable aspect of history; it depends on many factors as well as on accidents, which explains why mankind's past consists mainly of long stretches of quasi stationary states and why the present effervescent era is just a very small exception. 38 On purely logical grounds, however, there is no necessary association between development and growth; conceivably, there could be development without growth. Because of the failure to observe the preceding distinctions systematically, it was possible for environmentalists to be accused of being against development.39 Actually, the true environmentalist position must focus on the total rate of resource depletion (and the rate of the ensuing pollution). It is only because in the past economic growth has resulted not only in a higher rate of depletion but even in an increase of per capita consumption of resources that the argument drifted so as to turn around the economist's guidepost-the GNP per capita. As a result, the real issue came to be buried under the sort of sophistries mentioned in the preceding section. For even though on purely logical grounds economic growth might occur even with a decrease in the rate of resource depletion, pure growth cannot exceed a certain, albeit unknowable, limit without an increase in that rate-unless there is a substantial decrease in population.
It was natural for economists-who unflinchingly have hung on to their mechanistic framework-to remain completely indif- from the exposure of its own weaknesses by these efforts at self-defense.
Outside these circles, the report has been received with sufficient appreciation, certainly not with vituperation. 43 The most apt verdict is that despite its imperfections, "it is not frivolous." 4 True, the presentation is rather half-baked, betraying the rush for early publicity [34] . But even some economists have recognized its merit in drawing attention to the ramified consequences of pollution [69, 58f] . The study has also brought to the fore the importance of duration in the actual course of events [ There is hardly any room for quarreling about the general pattern of relations assumed in the various simulations covered by the report. However, the quantitative forms of these relations have not been submitted to any factual verification. Besides, by their very rigid nature, the arithmomorphic models used are incapable of predicting the evolutionary changes these relations may suffer over time. The prediction, which sounds like the famous scare that the world would come to an end in A. D. 1000, is at odds with everything we know about biological evolution. The human species, of all species, is not likely to go suddenly into a short coma. Its end is not even in distant sight; and when it comes it will be after a very long series of surreptitious, protracted crises. Yet, as Silk pointed out [72] , it would be madness to ignore the study's general warnings about population growth, pollution, and resource depletion. Indeed, any of these factors may cause the world's economy to experience some shortness of breath.
Some critics have further belittled The Limits for merely using an analytical armamentarium in order to emphasize an uninteresting tautology, namely, that continuous exponential growth is impossible in a finite environment [4, 333f; 51, 661; 74, 42f; 69, 55]. The indictment is right, but only on the surface; for this was one of those occasions when the obvious had to be emphasized because it had been long ignored. However, the greatest sin of the authors of The Limits is that they have concealed the most important part of the obvious by focusing their attention exclusively on exponential growth, as Malthus and almost every other environmentalist has done.
VIII. THE STEADY STATE: A TOPICAL MIRAGE
Malthus, as we know, was criticized primarily because he assumed that population and resources grow according to some simple mathematical laws. But this criticism did not touch the real error of Malthus (which has apparently remained unnoticed). This error is the implicit assumption that population may grow beyond any limit both in number and time provided that it does not grow too rapidly. 45 of the arguments in favor of that vision is that the most desirable state is not a stationary, but a declining one.
Undoubtedly, the current growth must cease, nay, be reversed. But anyone who believes that he can draw a blueprint for the ecological salvation of the human species does not understand the nature of evolution, or even of history-which is that of a permanent struggle in continuously novel forms, not that of a predictable, controllable physico-chemical process, such as boiling an egg or launching a rocket to the moon.
IX. SOME BASIC BIOECONOMICS50
Apart from a few insignificant exceptions, all species other than man use only endosomatic instruments-as Alfred Lotka proposed to call those instruments (legs, claws, wings, etc.) which belong to the individual organism by birth. Man alone came, in time, to use a club, which does not belong to him by birth, but which extended his endosomatic arm and increased its power. At that point in time, man's evolution transcended the biological limits to include also (and primarily) the evolution of exosomatic instruments, i.e., of instruments produced by man but not belonging to his body.5l That is why man can now fly in the sky or swim under water even though his body has no wings, no fins, and no gills.
The exosomatic evolution brought down upon the human species two fundamental and irrevocable changes. The first is the irreducible social conflict which characterizes the human species [ 29, 98-101; 32, 306-315,  348f] . Indeed, there are other species which also live in society, but which are free from such conflict. The reason is that their "social classes" correspond to some clear-cut biological divisions. The periodic killing of a great part of the drones by the bees is a natural, biological action, not a civil war.
The second change is man's addiction to exosomatic instruments-a phenomenon analogous to that of the flying fish which became addicted to the atmosphere and mutated into birds forever. It is because of this addiction that mankind's survival presents a problem entirely different from that of all other species [31; 32, 302-305]. It is neither only biological nor only economic. It is bioeconomic. Its broad contours depend on the multiple asymmetries existing among the three sources of low entropy which together constitute mankind's dowry-the free energy received from the sun, on the one hand, and the free energy and the ordered material structures stored in the bowels of the earth, on the other.
The first asymmetry concerns the fact that the terrestrial component is a stock, whereas the solar one is a flow. The difference needs to be well understood [32, 226f] . Coal in situ is a stock because we are free to use it all today (conceivably) or over centuries. But at no time can we use any part of a future flow of solar radiation. Moreover, the flow rate of this radiation is wholly beyond our control; it is completely determined by cosmological conditions, including the size of our globe.52 One generation, whatever it may do, cannot alter the share of solar radiation of any future generation. Because of the priority of the present over the future and the irrevocability of entropic degradation, the opposite is true for the terrestrial shares. These shares are affected by how much of the terrestrial dowry the past generations have consumed.
Second, since no practical procedure is available at human scale for transforming energy into matter (Section IV), accessible material low entropy is by far the most critical element from the bioeconomic viewpoint. True, a piece of coal burned by our forefathers is gone forever, just as is part of the silver or iron, for instance, mined by them. Yet future generations will still have their inalienable share of solar energy (which, as we shall see next, is enormous). Hence, they will be able, at least, to use each year an amount of wood equivalent to the annual vegetable growth. For the silver and iron dissipated by the earlier generations there is no similar compensation. This is why in bioeconomics we must emphasize that every Cadillac or every Zim--let alone any instrument of war--means fewer plowshares for some future generations, and implicitly, fewer future human beings, too [31, 13; 32, 304].
Third, there is an astronomical difference between the amount of the flow of solar energy and the size of the stock of terrestrial free energy. At the cost of a decrease in mass of 131 x 1012 tons, the sun radiates annually 1014Q-one single Q being equal to 1018BTU! Of this fantastic flow, only some 5,300 0 are intercepted at the limits of the earth's atmosphere, with roughly one half of that amount being reflected back into outer space. At our own scale, however, even this amount is fantastic; for the total world consumption of energy currently amounts to no more than 0.2 Q annually. From the solar energy that reaches the ground level, photosynthesis absorbs only 1.2 Q. From waterfalls we could obtain at most 0.08 Q, but we are now using only one tenth of that potential. Think also of the additional fact that the sun will continue to shine with practically the same intensity for another five billion years (before becoming a red giant which will raise the earth's temperature to 1,000'F). Undoubtedly, the human species will not survive to benefit from all this abundance.
Passing to the terrestrial dowry, we find that, according to the best estimates, the There remains the physicist's greatest dream, controlled thermonuclear reaction. To constitute a real breakthrough, it must be the deuterium-deuterium reaction, the only one that could open up a formidable source of terrestrial energy for a long era.56 However, because of the difficulties alluded to earlier (Section IV), even the experts working at it do not find reasons for being too hopeful.
For completion, we should also mention the tidal and geothermal energies, which, although not negligible (in all 0.1 Q per year), can be harnessed only in very limited situations.
The general picture is now clear. The terrestrial energies on which we can rely effectively exist in very small amounts, whereas the use of those which exist in ampler amounts is surrounded by great risks and formidable technical obstacles. On the other hand, there is the immense energy from the sun which reaches us without fail. Its direct use is not yet practiced on a significant scale, the main reason being that the alternative industries are now much more efficient economically. But promising results are coming from various directions [37; 41] . What counts from the bioeconomic viewpoint is that the feasibility of using the sun's energy directly is not surrounded by risks or big question marks; it is a proven fact.
The conclusion is that mankind's entropic dowry presents another important differential scarcity. From the viewpoint of the extreme longrun, the terrestrial free energy is far scarcer than that received from the sun. The point exposes the foolishness of the victory cry that we can finally obtain protein from fossil fuels! Sane reason tells us to move in the opposite direction, to convert vegetable stuff into hydrocarbon fuel-an obviously natural line already pursued by several researchers [22, 311-313]. 57 Fourth, from the viewpoint of industrial utilization, solar energy has an immense drawback in comparison with energy of terrestrial origin. The latter is available in a concentrated form, in some cases, in a too concentrated form. As a result, it enables us to obtain almost instantaneously enormous amounts of work, most of which could not even be obtained otherwise. By great contrast, the flow of solar energy comes to us with an extremely low intensity, like a very fine rain, almost a microscopic mist. The important difference from true rain is that this radiation rain is not collected naturally into streamlets, then into creeks and rivers, and finally into lakes from where we could use it in a concentrated form, as is the case with waterfalls. Imagine the difficulty one would face if one tried to use directly the kinetic energy of some microscopic rain drops as 'For a recent discussion of the social impact of industrial growth, in general, and of the social problems growing out of a large scale use of nuclear energy, in particular, see [78] , a monograph by Harold and Margaret Sprout, pioneers in this field.
"One percent only of the deuterium in the oceans would provide 108 Q through that reaction, an amount amply sufficient for some hundred millions of years of very high industrial comfort. The reaction deuterium-tritium stands a better chance of success because it requires a lower temperature. But since it involves lithium-6, which exists in small supply, it would yield only about 200 Q in all.
7 It should be of interest to know that during World War II in Sweden, for one, automobiles were driven with the poor gas obtained by heating charcoal with kindlings in a container serving as a tank! they fall. The same difficulty presents itself in using solar energy directly (i.e., not through the chemical energy of green plants, or the kinetic energy of the wind and waterfalls). But as was emphasized a while ago, the difficulty does not amount to impossibility.
Fifth, solar energy, on the other hand, has a unique and incommensurable advantage. The use of any terrestrial energy produces some noxious pollution, which, moreover, is irreducible and hence cumulative, be it in the form of thermal pollution alone. By contrast, any use of solar energy is pollution-free. For, whether this energy is used or not, its ultimate fate is the same, namely, to become the dissipated heat that maintains the thermodynamic equilibrium between the globe and outer space at a propitious temperature. 58 The sixth asymmetry involves the elementary fact that the survival of every species on earth depends, directly or indirectly, on solar radiation (in addition to some elements of a superficial environmental layer). Man alone, because of his exosomatic addiction, depends on mineral resources as well. For the use of these resources man competes with no other species; yet his use of them usually endangers many forms of life, including his own. Some species have in fact been brought to the brink of extinction merely because of man's exosomatic needs or his craving for the extravagant. But nothing in nature compares in fierceness with man's competition for solar energy (in its primary or its by-product forms). Man has not deviated one bit from the law of the jungle; if anything, he has made it even more merciless by his sophisticated exosomatic instruments. Man has openly sought to exterminate any species that robs him of his food or feeds on himwolves, rabbits, weeds, insects, microbes, etc.
But this struggle of man with other species for food (in ultimate analysis, for solar energy) has some unobtrusive aspects as well.
And, curiously, it is one of these aspects that has some far-reaching consequences in addition to supplying a most instructive refutation of the common belief that every technological innovation constitutes a move in the right direction as concerns the economy of resources. The case pertains to the economy of modem agricultural techniques. than most others, lays bare the most stubborn residual of the mechanistic view of the world, which is the myth of the optimum population "as one that can be sustained indefinitely" [ 6, 14; also 62, 172f; 74, 48 ].
XI. A MINIMAL BIOECONOMIC PROGRAM
In "A Blueprint for Survival" [6, 13] , the hope is expressed that economics and ecology will one day merge. The same possibility has already been considered for biology and physics, with most opinions agreeing that in the merger biology would swallow up physics [32, 42] . For essentially the same reasonthat the phenomenal domain covered by ecology is broader than that covered by economics--economics will have to merge into ecology, if the merger ever occurs. For, as we have seen in the preceding two sections, the economic activity of any generation has some influence on that of the future generations-terrestrial resources of energy and materials are irrevocably used up and the harmful effects of pollution on the environment accumulate. One of the most important ecological problems for mankind, therefore, is the relationship of the quality of life of one generation with another-more specifically, the distribution of mankind's dowry among all generations. Economics cannot even dream of handling this problem. The object of economics, as has often been explained, is the administration of scarce resources; but to be exact, we should add that this administration regards only one generation. It could not be otherwise.
There is an elementary principle of economics according to which the only way to attribute a relevant price to an irreproducible object, say, to Leonardo's Mona Lisa, is to have absolutely everyone bid on it. Otherwise, if only you and I were to bid, one of us could get it for just a few dollars. That bid, i.e., that price, would clearly be parochial.61
This is exactly what happens for the irreproducible resources. Each generation can use as many terrestrial resources and produce as much pollution as its own bidding alone decides. Future generations are not, simply because they cannot be, present on today's market.
To be sure, the demand of the present generation reflects also the interest to protect the children and perhaps the grandchildren. Supply may also reflect expected future prices over a few decades. But neither the current demand nor the current supply can include even in a very slight form the situation of more remote generations, say, those of A.D. 3,000, let alone those that might exist a hundred thousand years from now.
Not all the details, but certainly the most important consequences of allocation of resources among generations by the market mechanism may be brought to the fore by a very simple, actually a highly simplified diagram. We shall assume that demand for some mineral resource already mined (say, coalon-the-ground) is the same for each successive generation and that each generation must consume at least one "ton" of coal. The demand schedule is also assumed to include the preference for protecting the interests of a few future generations. In Figure 1, DI, D2 To illustrate the rationale of this process, let C1, C2, C3 be coal mines of different qualities, the costs of mining one unit of coal being ki < k2 < k3, respectively. Let us further assume that C1 is expected to be exhausted during the third generation after the present one, when C2 will become economically efficient. Let us also assume that C2, in turn, will be exhausted during the second generation thereafter, and that Ca will then suffice for the remainder of the time horizon. During the third future generation, C1 will prove to enjoy a differential rent rl = k2 -kl with respect to C2, and after two more generations the differential rent of C2 over C3, r2 = k3 -k2, will become manifest. Only C3 has no differential rent, and hence, as we have seen in the previous paragraph, its price is zero throughout. On the other hand, because C2 necessarily earns a rent in the fifth genera- generation from now, the price will be p2j = r2/(l + i)5-'. A similar logic determines the present price of C1. Only, we must observe that during the generation when the differential rent of C1 becomes manifest, the price of C2 is p2 = r2/(1 + i)2. The rent must therefore be added to this price. Hence, the present price of the coal of C1 is p10 = (rl + pD)/(1 + 0. 8 The formulae just established show that the effect of the interest rate in the presence of a qualitative spectrum of mines is to extend the use of coal mined from more accessible sources (in comparison to the quantities determined by Figure 1) . In some rather idle way, we may say that the existence of the interest rate helps the economy of resources. But let us not ignore the far more important conclusion of the foregoing analysis, which is especially striking in the case of an era of bonanza. Serious scarcities may become effective (as will certainly happen) beyond the present time horizon. That future fact can in no way influence our present market decisions; it is virtually inexistent as far as these decisions are concerned.
Nothing need be added to convince ourselves that the market mechanism cannot protect mankind from ecological crises in the future (let alone to allocate resources optimally among generations) even if we would try to set the prices "right." 63 The only way to protect the future generations, at least from the excessive consumption of resources during the present bonanza, is by reeducating ourselves so as to feel some sympathy for our future fellow humans in the same way in which we have come to be interested in the well-being of our contemporary "neighbors." This parallel does not mean that the new ethical orientation is an easy matter. Charity for one's contemporaries rests on some objective basis, namely, the individual self-interest. The difficult question one has to face in spreading the new gospel is not "what has posterity done for me?"-as Boulding wittily put it-but, rather, "why should I do anything for posterity?" What makes you think, many will ask, that there will be any posterity ten thousand years from now? And indeed, it would certainly be poor economics to sacrifice anything for a nonexistent beneficiary. These questions, which pertain to the new ethics, are not susceptible of easy, convincing answers.
Moreover, there is the other side of the coin, also ethical and even more urgent, on which Kaysen [51] and Silk [72] , in particular, have rightly insisted. The nature of Mohammed-men being what it is, if we stop economic growth everywhere, we freeze the present status and thus eliminate the chance of the poor nations to improve their lot. This is why one wing of the environmentalist movement maintains that the issue of population growth is only a bogy used by the rich nations in order to divert attention from their own abuse of the environment. For this group, there is only one evil-inequality of development. We must proceed, they say, toward a radical redistribution of productive capacity among all nations. Another view argues that, on the contrary, population growth is the most menacing evil of mankind and must be dealt with urgently and independently of any other action. As expected, the two polarized views have never ceased clashing in useless and even violent controversies-as happened especially at the Stockholm Conferences in 1972, and, quite recently, at the Bucharest Conference on mistrust--of the rich that the poor will notalso hypocritical) to continue growing tobacco if, avowedly, no one intends to smoke. The nations which are so developed as to be the main producers of armaments should be able to reach a consensus over this prohibition without any difficulty if, as they claim, they also possess the wisdom to lead mankind. Discontinuing the production of all instruments of war will not only do away at least with the mass killings by ingenious weapons but will also release some tremendous productive forces for international aid without lowering the standard of living in the corresponding countries.
Second, through the use of these productive forces as well as by additional wellplanned and sincerely intended measures, the underdeveloped nations must be aided to arrive as quickly as possible at a good (not luxurious) life. Both ends of the spectrum must effectively participate in the efforts required by this transformation and accept the necessity of a radical change in their polarized outlooks on life. 65 Third, mankind should gradually lower its population to a level that could be adequately fed only by organic agriculture.66 Naturally, the nations now experiencing a very high demographic growth will have to strive hard for the most rapid possible results in that direction.
Fourth, until either the direct use of solar energy becomes a general convenience or controlled fusion is achieved, all waste of energy-by overheating, overcooling, overspeeding, overlighting, etc.-should be carefully avoided, and if necessary, strictly regulated.
Fifth, we must cure ourselves of the morbid craving for extravagant gadgetry, splendidly illustrated by such a contradictory item as the golf cart, and for such mammoth splendors as two-garage cars. Once we do so, manufacturers will have to stop manufacturing such "commodities." Sixth, we must also get rid of fashion, of "that disease of the human mind," as Abbot Fernando Galliani characterized it in his celebrated Della moneta (1750). It is indeed a disease of the mind to throw away a coat or a piece of furniture while it can still perform its specific service. To get a "new" car every year and to refashion the house every other is a bioeconomic crime. Other writers have already proposed that goods be manufactured in such a way as to be more durable [e.g. 43, 146]. But it is even more important that consumers should reeducate themselves to despise fashion. Manufacturers will then have to focus on durability.
Seventh, and closely related to the preceding point, is the necessity that durable goods be made still more durable by being designed so as to be repairable. (To put it in a plastic analogy, in many cases nowadays, we have to throw away a pair of shoes merely because one lace has broken.) Eighth, in a compelling harmony with all the above thoughts we should cure ourselves of what I have been calling "the circumdrome of the shaving machine," which is to shave oneself faster so as to have more time to work on a machine that shaves faster so as to have more time to work on a machine that shaves still faster, and so on ad infinitum. This change will call for a great deal of recanting on the part of all those professions which have lured man into this empty infinite regress. We must come to realize that an important prerequisite for a good life is a substantial amount of leisure spent in an intelligent manner.
Considered on paper, in the abstract, the foregoing recommendations would on the whole seem reasonable to anyone willing to examine the logic on which they rest. But one thought has persisted in my mind ever since "At the Dai Dong Conference (Stockholm, 1972), I suggested the adoption of a measure, which seems to me to be applicable with much less difficulty than dealing with installations of all sorts. My suggestion, instead, was to allow people to move freely from any country to any other country whatsoever. Its reception was less than lukewarm. See [2, 72] .
" To avoid any misinterpretation, I should add that the present fad for organic foods has nothing to do with this proposal, which is based only on the reasons expounded in Section X. I became interested in the entropic nature of the economic process. Will mankind listen to any program that implies a constriction of its addiction to exosomatic comfort? Perhaps, the destiny of man is to have a short, but fiery, exciting and extravagant life rather than a long, uneventful and vegetative existence. Let other species-the amoebas, for example-which have no spiritual ambitions inherit an earth still bathed in plenty of sunshine.
